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Background
In the Southern Rocky Mountains, an epidemic outbreak of mountain pine beetle (Dendroctonus ponderosae; MPB) has caused levels of tree mortality unprecedented in recorded history ( fig. 1 ). The impacts of this mortality on vegetation composition, forest structure, and carbon stocks have only recently received attention, although the impacts of other disturbances such as fires and land-use/land-cover change are much better known.
This study, initiated in 2010, aims to increase our understanding of MPB outbreaks and their impacts. We have integrated field-collected data with vegetation simulation models to assess and quantify how long-term patterns of vegetation and carbon stocks have and may change in response to MPB outbreaks and other disturbances.
Research Objectives
• Quantify changes in carbon storage and biogeochemical cycling in Southern Rocky Mountain forests in relation to MPB outbreak severity.
• Develop dynamic models to project how MPB outbreaks will affect long-term forest vegetation succession and structure and consequences for carbon storage.
• Compare the long-term impacts of MPB outbreaks to other disturbances (for example, wildfires).
• Develop remote sensing approaches for monitoring and assessing broad-scale impacts of MPB outbreaks on biogeochemical cycling.
Approach
To address the research objectives of this study, we used the following combination of field data, remotely sensed data, and ecological simulation models:
• Forest vegetation data collected at 119 plots located in eastern Grand County, Colorado (figs. 2 and 3). These data include individual species, status, size, and biomass for large trees, saplings, and seedlings, as well as downed woody debris, fuel loads, and understory vegetation.
• Light detection and ranging (LiDAR) data to monitor the extent and severity of the MPB outbreak and provide wall-towall input data on vegetation structure for modeling efforts.
• Tree-growth models to project changes in vegetation composition and structure, and carbon stocks following MPB outbreaks and other disturbances, such as wildfire, where the impacts are well understood and provide a reference point for comparison with MPB impacts. 
Findings
• The MPB outbreak killed 65 percent of the lodgepole pine trees and 76 percent of lodgepole pine basal area.
• Carbon in the standing-live biomass pool was reduced by 80 percent and 97 percent after MPB and wildfire disturbances, respectively.
• Results of a 200-year forest-growth simulation suggest that basal area of lodgepole pine will return to predisturbance conditions 70 (MPB) and 80 (wildfire) years after disturbance.
• Simulated standing-live biomass returned to predisturbance levels as early as 40 and 50 years after the MPB epidemic and wildfire, respectively ( fig. 4 ).
• Downed-dead biomass was projected to remain at higher levels than predisturbance conditions after both MPB disturbance and wildfire over the entire 200-year simulations. 
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